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DECLARATION UNDER 37 C.F.R. SEC. 1.132 
I, Michel Demeule, do hereby declare and state as follows: 

1 . I received the degrees of DEC in Sciences from College Edouard Montpetit in 
1982; Bachelor of Biochemistry from UQAM in 1986; Master of Chemistry from 
UQAM in 1988; and Doctor of Philosophy (Science) from Universite de Montreal 
in 1992. 

2. My academic background and experiences in the field of the present invention are 
listed on the enclosed curriculum vitae. 

3. I am a Scientist at Angiochem Inc since June 2006. 

4. I am an author of several scholarly publications as listed in my enclosed 
curriculum vitae. 

5. I am an inventor in the present application; I have read and am thoroughly 
familiar with the contents of U.S. Patent Application Serial No. 10/556,145, 



entitled "COMPOUND AND METHOD FOR REGULATING PLASMINOGEN 
ACTIVATION AND CELL MIGRATION", including the claims. 

6. I have also read and understood the latest Official Action from the PTO dated 
October 17, 2007. In this Office Action, certain claims (36-38) were rejected for 
lack of enablement under 35 U.S. C. §112, first paragraph. 

7. The following experiments had been performed from August 2005 to March 
2007, under my supervision, to confirm efficacy of the method on cells not 
expressing p97 on their surface. 

The following experiment was conducted to evaluate the inhibition of tumor 
growth by a soluble form of melanotransferrin (sMTf). 

Background of the model : Our previous results demonstrated that a truncated 
and solubleform of melanotransferrin (sMTf) reduces the migration of cancer 
cells and angiogenesis (1-2). We are now presenting new experiments showing 
the efficacy of sMTf on the growth of subcutaneous tumors derived from human 
glioblastoma (U87 MG cells) and lung carcinoma (NCI H460 cells). 

Glioblastomas are characterized by a high proliferation rate, extensive 
angiogenesis, and marked local invasion that makes these tumors resistant to the 
conventional treatment modalities of surgery, chemotherapy and radiotherapy (3). 
Therefore, several attempts have been initiated to inhibit vascularization of 
experimental gliomas in order to establish novel therapeutical approaches. In 
terms of angiogenesis research, U87 glioma cell line has been utilized for various 
objectives (4-8). On the other hand, lung cancer is responsible for approximately 
one-third of all cancer-related deaths in the United States each year, killing more 
Americans than breast cancer, colon cancer, and prostate cancer combined (9). 
Non-small cell lung carcinoma is the most common histological cell type and 
often presents in an advanced stage. Despite several advances, chemotherapy has 
been largely ineffective and over 85% of patients with lung cancer eventually 



succumb to the disease (10). NCI H460 cell line is widely used to measure the 
efficacy of anticancer agents on non-small cell lung cancer (10-13). 



On the basis of our previous observations, we hypothesized that sMTf would 
affect the motility of mMTf expressing cells whether their origins are endothelial 
or tumoral. We are clearly showing that sMTf inhibits angiogenesis in U87 MG- 
derived tumors, thus leading to the inhibition of tumor growth. Indeed, results 
shown here demonstrate that sMTf treatment interferes with the growth of 
subcutaneous tumors derived from U87 MG and NCI H460 cells. Furthermore, 
that sMTf cooperates or interacts with LRP in order to regulate plasmin 
generation at the cell surface and meddle in cancer cell growth (14). 
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sMTf reduces the growth of glioblastoma and lung carcinoma subcutaneous 
tumors 

The impact of sMTf administration on xenografts tumor growth was investigated. 
U-87 MG and NCI-H460 cells were inoculated into the right flank of nude mice 
whereas Alzet osmotic micro-pumps containing sMTf or Ringer/HEPES control 
solution were implanted in their left flank. In the glioblastoma model, control 
mice showed a tumor growth upon the fifth day of treatment, while mice treated 
with sMTf (2.5 mg/kg/day) display a tumor growth at 18 days of treatment. 
Interestingly, tumors from mice treated with sMTf 10 mg/kg/day do not present 
significant growth toward the study (Fig. 1). We observed a 41.3% regression in 
tumor volume for 3 out of 8 mice treated with sMTf 10 mg/kg/day. After 18 days 
of treatment, i.e. when the first tumor of control mice reached 1000 mm , the 
difference in tumor size between control and sMTf-treated mice was significant. 
We were able to determine a tumor growth inhibition of 73.8% and 91.8% in 



sMTf-treated mice at 2.5 and 10 mg/kg/day, respectively (Table 1). In the lung 
carcinoma model, sMTf treatment (2.5 mg/kg/day) inhibits tumor growth for a 
15-day period. After 18 days of treatment, mice treated with sMTf at 2.5 and 10 
mg/kg/day have tumors with average volumes reaching 140 and 65 mm 3 
respectively, compared to 642 mm 3 for tumors in the control group (Table 1). 
Furthermore, tumor growth inhibition was sustained for 18 days in mice treated 
with 10 mg/kg/day of sMTf (Fig. 1) and complete remission was observed in one 
case. Seven out of 9 mice treated with sMTf 10 mg/kg/day showed a regression in 
tumor size of about 50% when compared to the initial tumor volume. The 
corresponding tumor growth inhibition values reached 87.6% and 97.2% in mice 
treated with sMTf at 2.5 and 10 mg/kg/ day, respectively (Table 1). 

Additionally, tumor growth inhibition by sMTf at 10 mg/kg/day is significantly 
different from that obtained at 2.5 mg/kg/day in both subcutaneous xenograft 
models! sMTf can thus be considered as an active antitumor protein. In both 
cases, sMTf treatment had no significant effect on mouse body weight and a gross 
necropsy revealed no physiological modifications. 



1 Table 1 - Inhibition of tumor growth by sMTf | 


Tumor origin 


sMTf dosage 
(mgflcgfday) 


Volumes (mm 3 ) 
Initial Final 


Tumor growth 
inhibition (%) 


Partial tumor regression 
(9-11 days) 


Glioblastoma 


0 


SB ± 3 2 


591 ±229 


0 


0/8 




2.5 


92 ±33 


229 ± 120 


73.8 


1/8 




10 


63 ± 7 


104 ± 25 


918 3 


3/S 


Lung 


0 


71 ± 29 


642 ± 240 


0 


0/9 


cardnom a 


2.5 


69 ± 26 


140 ± 69 


87.6 


5/9 




10 


49 ± 15 


65 ± 32 


97.2 a 


7/9 



Tumor cells from human glioblastoma (U 87 MG) andlung carcinoma (NC['iI46Q) wcreinocuiated subcutaneousiy in Cri:CD -l* nuBR nudcmiee. 
After 3 days, micro osmotic pumps containing Ringer/HEPES control solution or sMTf were implanted as described in Materials and methods. 
The activity end points used to determine tumor inhibition is the median tumor volumes in mm 1 of the treated control groups. Median tumor 
volumes were determined on the first day treatment and at the end of the stu dy - i.e. when the first mouse of the control group held a tumor of 
1000 mm 3 . Tumor growth inhibition by sMTf is expressed as percent of control. Animate bearing tumor with a final volume below its initial one 
arc defined here as partial tumor regression. 

3 Results are significantly different when compared to sMTf 2.5 mg/kg dose, p 0.01. 
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Fig. 1 - Inhibition of tumor growth by sMTf. Nude mice were 
subcutaneously inoculated with U-87 MG glioblastoma cells 
and NQ-H460 large lung carcinoma cells. At 3 days after cell 
inoculation, animals were randomly separated in three 
groups and Alzet micro- osmotic pumps filled with Ringer/ 
HEPES control solution (•) or sMTf at 2.5 (A) and IO mg/kg/ 
day (■) were implanted as described in Materials and 
methods. Experiments were performed on eight different 
animals for all conditions and the means ± S.E. are shown. 
Statistically significant differences in tumor volumes are 
indicated by ** for p < 0.005 and *** for p < O.OOl (Student's 
t-test) when compared to tiunors from tlie control group. 

sMTf inhibits angiozenesis in subcutaneous glioblastoma development 

In order to demonstrate that sMTf induced a reduction in tumor growth by 
interfering throughout the angiogenic process, heamoglobin (Hb) content was 
quantified in subcutaneous tumors derived from U-87 MG and NCI-H460 cells. 
The results demonstrated that Hb content was 2-fold higher in U-87 MG than in 
NCI-H460 tumors (Fig. 2A), indicating that angiogenesis in subcutaneous NCI- 
H460-derived tumor is much lower than in U-87 MG-derived ones. This led us to 
evaluate angiogenic development in U-87 MG-derived tumors, rather than in the 
lung carcinoma model. As soon as the first tumor from the control group reached 
1000 mm 3 , tumors were excised and the Hb content was measured. Fig. 2B 
demonstrates that sMTf treatment resulted in a reduction of Hb levels at both 
doses by approximately 50%. Additionally, mRNA expression of CD 105, an 
endothelial cell marker from newly formed vessels, was greatly down regulated in 
sMTf-treated U-87 MG-derived tumors (Fig. 2C). However, the mRNA 



expression of another endothelial cell marker, CD3 1 or PECAM, was unaffected 
by sMTf treatments when compared to the loading control p-tubulin (Fig. 2C). 
Western blot analysis also revealed that CD31 protein expression in U-87 MG- 
derived tumors was unchanged after sMTf treatments. The haemoglobin content 
and CD 105 mRNA levels in U-87 MG-derived tumors show that sMTf exerts an 
anti-angiogenic activity during the development of subcutaneous glioblastoma. 

Since angiogenesis is strongly induced by cytokines from tumor cells, levels of 
bFGF and VEGF mRNA were studied in tumor tissue derived from U-87 MG 
cells. The mRNA expression of these growth factors was unchanged in 
subcutaneous glioblastoma tumors treated with sMTf when compared to tumor 
tissue from the control group. These results indicate that although sMTf inhibits 
bFGF- and VEGF induced angiogenesis, the inhibition of angiogenesis by sMTf 
is not the result of a negative regulation in the expression of these growth factors 
in U-87 MG-derived tumors. 
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Fig. 2 - sMTf treatment reduces angiogenesis in vivo. Nude mice bearing tumors derived from U*87 MG and NCI-H460 cells were 
Heated using Alzet micro-osmotic pumps containing with Ringer/HEPES control solution or sMTf (2.5 and 10 mg/kg). (A) Control 
tumors derived from LC87MG and NCCH460 cells with a volume of around 1000 mm 3 were excised and the hemoglobin contents were 
determined as described in Materials and methods, (B) When the first U-87 derived tumor from the control group reached 1000 mm 3 , 
control and sMTf-treated tumors were excised and lyophilized id evaluate their hemoglobin content (G) mRNA expression of CD105 
(endoglin) and GD31 (PECAM) were also assessed on U-87 MG-derived tumors treated or not with sMTf (2.5 and 10 mg/kg). RT-PCR 
analysis of 3- tubulin was used as a loading control. Experiments were performed on eightd if ferent animals for all conditions and the 
means ± S.E. are shown. Statistically significant differences between hemoglobin contents are indicated by * + for p < 0.005 (Student's 
t-test) when compared to the hemoglobin content in tumors from the control group. 



Effects of sMTf on tumor cell-invasive capabilities 



We decided to extend this analysis to U-87 MG and NCI-H460 cells. While LRP 
and u-PAR protein expression were unchanged in sMTf-treated U-87 MG glioma 
cells, the same treatment induced a significant reduction in the expression of both 
receptors in NCI-H460 large lung carcinoma cells. In fact, LRP and u-PAR could 
not be detected in these cells after sMTf treatment, as shown in Fig. 3A. In 
agreement with prior results, the treatment of HMEC-1 endothelial cells with 
sMTf also resulted in a great reduction of both LRP and u-PAR protein 
expression when compared to the loading control GAPDH (Fig. 3A). It is to noted 
that mMTf expression was unaffected by sMTf in NCI-H460 and HMEC-1 cells 
(Fig. 3A-B). In addition, endogenous mMTf levels were under the detectable 
limit in U-87 MG cells. 

Several members of the LDLR family, including LRP, are involved in the 
regulation of u-PA/u-PAR activity. Even though previous studies report 
modulation of these receptors during the regulation of the u-PA/u-PAR system, 
LRP mRNA levels were unaffected in NCI-H460 and HMEC-1 cells treated with 
sMTf under our experimental conditions (Fig. 3B). 
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Fig. 3 - sMTf treatment affects the u-PAR/LRP system in 
endothelial and large lung carcinoma cells. (A) Protein 
expression of u- PAR and LRP were studied by Western blot in 
cells from human glioblastoma (U~87 MG), large lung 
carcinoma (NCI- H460) and in microvascular endothelial cells 
(HMEC-1) treated or not with 100 nM sMTf for 18 h. (B) mRNA 
expression of u-PAR and LRP was also studied by 
semi- quantitative PCR in U-87 MG, NCI-H460 and HMEC-1 
cells treated or not with sMTf. GAPDH expression was used 
as a loading control. Results are representative of three 
independent experiments. 



siRNA-mediated MTf knockdown reduces TF -induced lung metatstases in nude 
mice 



The Pig system is considered as the primary effector of cell invasion. During cell 
invasion, this system mediates destruction of the extracellular matrix by 
fibrinolysis. In addition, tissue factor (TF), an initiator of the extrinsic coagulation 
cascade, is also expressed in a wide range of cancer cells and plays an important 
role in invasion and cancer progression. For example, by promoting fibrin 
deposition, TF plays a key role in the metastatic process and angiogenesis such of 
lung cancers. 



To determine whether MTf is involved during in vivo TF-induced SK-Mel-28 
melanoma invasion into lung, metabolically radiolabeled SK-Mel-28 cells were 
injected intravenously into mice that were preteated (or not) with TF. The 
melanoma cell invasion into the organs was assessed by measuring the infiltration 
of SK-Mel-28 cells into these organs in untreated and TF-treated mice. [ 3 H]- 
thymidine-labeled SK-Mel-28 cell accumulation was observed to increase in lung 
by threefold whereas the kidney, heart, and brain accumulation was similar to that 
in the control animals. Altogether, these results demonstrated a correlation 
between the levels of [ i25 I]-fibrin deposition and of SK-Mel-28 cell accumulation 
in the lung (Fig. 4B). However, siRNA-mediated MTf knockdown reduces by 
about 80% the lung invasion by TF-induced SK-Mel-28 cells in nude mice (Fig. 
4C). This reduction of SK-Mel-28 cell metastasis in the lung observed with MTf- 
silenced cells indicates that MTf is involved during melanoma cell lung invasion. 
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J'ig, 4. siRN A-mediated M il knockdown reduces TF~induced lung 
metastases in nude mice. (A) I'ibrin clot deposition was performed in 
mice. Mice were treated with vehicle or with by iv, injection. After 
3 min f 2 - $ l j-fibrinogen was in jected and i 17 -*! J-fibrin deposition was 
detected at 20 min using a gumma counter. Several organs (kidney, lung, 
heart, and liver) were excised to monitor fibrin deposition. Oat a represent 
mfliins — SHM of five different experiments. £ft) Cultured human melano- 
ma SK.-MEL-2E cells were radiolabeled with III 1 j-t hymidine for 72 h. Tib" 
and cells were injected into nude mice via the tail vein. Radiolabeled SK - 
Mel-2 5% cells were measured in the lung with or without Tf injection. Lung- 
associated radioactivity was determined tor controls and for TI'' -induced 
SJv-Mel-2^ metastasis. Data represent means ~ SliM of five different 
experiments. (C ) Effect of siRN A -mediate* J M Tf knockdown on SK - 
Me 1-2 8 cells lung metastasis. Lung- associated radioactivity was deter- 
mined in control and M" I I -silenced S K- Me 1-2B metastasis, Data represent 
means =•= SliM of five different experiments. Statistically significant differ- 
ences from control values are indicated by " 0.05 {Student's t lest). 



bFGF-induced neovascularization involves the PA/plasmin system 

We used the Matrigel™ plug neovascularization assay to study the effect of MTf 
on the modulation of in vivo angiogenesis. This assay permits the determination of 
the extent of angiogenesis into the Matrigel™ implant by direct measurement of 
the amount of Hb present in the implant. Analysis of the Matrigel™ implants that 



did not contain growth factor showed very low pink hue coloration (Hb content), 
indicating that Matrigel™ itself was not angiogenic (Figure 5; upper panel). In 
contrast to Matrigel™ control condition, Matrigel™ implants containing bFGF 
showed strong neovascularization (Figure 5; upper panel). In the presence of 
bFGF alone, the amount of Hb was increased by 3 -fold over the level found in 
control plugs containing no added growth factor (Figure 5; lower panel). The 
implication of the PA/plasmin system during the in vivo Matrigel™ plug 
neovascularization induced by bFGF was determined by adding into the implant 
the plasmin(ogen) inhibitor sACA during the assay. Lysine derivatives, such as 
sACA, are effective inhibitors of the PA/plasmin system. The addition of sACA 
(35 mg/ml) into the plug strongly inhibited by -80% the angiogenic response 
elicited by bFGF, as indicated by the lower implant vascularization (Figure 5; 
upper panel) and lower Hb content (Figure 5; lower panel). These results show 
that plasmin generation from plasminogen is involved during bFGF-induced in 
vivo angiogenesis, indicating that this model is suitable for studying the impact of 
MTf on in vivo angiogenesis since MTf modulates plasmin generation by PA from 
plasminogen. 
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Fig. 5 bFGF-induced neovascularization involves the PA/plasmin system. bFGF-induced 
Matrigel™ plug in vivo angiogenesis assay containing, or lacking, eACA in nude mice, as 
described in the Materials and methods section. Photos obtained from representative samples are 
shown in the upper panel. Hb content from Matrigel™ implants are shown in the lower panel. 
Results in the lower panel are expressed as Hb content in dried Matrigel™ implant (jig Hb/mg 
dried implant), n = 12 for both control conditions, n = 5 for sACA condition and the means ± SE 
are shown. Statistically significant differences compared with respective control conditions are 
indicated as follows: < 0.001 (Student's Mest). 

Subcutaneous, systemic truncated sMTf treatments inhibit bFGF- and VEGF- 
induced neovascularization 



Given the important role of plasmin, a protein like MTf that targets the formation 
of plasmin and acts on the invasiveness capacity of EC and SK-Mel-28 cells as 
well as on EC tubulogenesis might be expected to affect in vivo angiogenesis. To 
test this hypothesis, Matrigel™ implant neovascularization was stimulated by 
bFGF and nude mice were treated systemically four times (Days 0, 2, 4 and 6 
post-implantation; s.c. injection) with either truncated sMTf (10, 20 and 40 
mg/kg; total treatment) or control R/H (Figure 6A and B). In the presence of 



bFGF alone, there was a robust angiogenic response as indicated by the strong 
pink hue distributed throughout the plug (Figure 6A). To obtain a more 
quantitative analysis, the Hb content within each plug was measured to assess the 
angiogenic index (Figure 6B). When mice were treated with 10 mg/kg truncated 
sMTf, the amount of vascular development was reduced, whereas at 40 mg/kg the 
inhibition of vascularization was maximal, with a median effective dose (ED50) at 
14 mg/kg (Figure 6 A and B). Furthermore, to show the generality of the truncated 
sMTf-mediated angiogenesis inhibition, we characterized the effect of truncated 
sMTf s.c treatment on in vivo Matrigel™ plug assay in the presence of another 
standard proangiogenic cytokine, for example, VEGF (Figure 6C). In contrast to 
Matrigel™ control condition, Matrigel™ implants containing VEGF showed 
strong neovascularization (Figure 6C; upper panel). In fact, the amount of Hb was 
increased by 3. 5 -fold in the presence of VEGF alone compared with control 
implants containing no added growth factor (Figure 6C; lower panel). When mice 
were treated systemically four times (Days 0, 2, 4 and 6 post-implantation; s.c. 
injection) with truncated sMTf (20 mg/kg; total treatment), the amount of 
vascular development within the Matrigel™ implant was significantly reduced by 
68% (Figure 6C; lower panel). These results indicate that truncated sMTf inhibits 
both bFGF- and VEGF-induced angiogenesis, suggesting that s.c. administration 
of truncated sMTf provides a novel therapeutic strategy for the treatment of 
angiogenesis-related disorders. 
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Fig. 6 Subcutaneous, systemic truncated sMTf treatment inhibits bFGF- and VEGF-induced 
neovascularization. bFGF- and VEGF-induced Matrigel™ plug in vivo angiogenesis assay in nude 
mice, as described in the Materials and methods section. (A) bFGF-induced Matrigel™ plug in 
vivo angiogenesis assay in nude mice treated systemically for 7 days with repeated s.c. injections 
of either R/H control solution or truncated sMTf (10, 20 and 40 mg/kg/week), as described in the 
Materials and methods section. Photos obtained from representative samples are shown. (B) Hb 
content from Matrigel™ implants containing bFGF in nude mice treated systemically for 7 days 
with repeated s.c. injections of truncated sMTf. Results were corrected for background Hb content 
measured under the Matrigel™ control condition and expressed as percentage inhibition compared 



with R/H control condition, n = 10 for R/H control condition; n = 4 for each other conditions and 
the means ± SE are shown. (C) VEGF-induced Matrigel™ plug in vivo angiogenesis assay in nude 
mice treated systemically for 7 days with repeated s.c. injections of either R/H control solution or 
truncated sMTf (20 mg/kg/week), as described in the Materials and methods section. Photos 
obtained from representative samples are shown in the upper panel. Hb content from Matrigel™ 
implants are shown in the lower panel. Results in the lower panel are expressed as Hb content in 
dried Matrigel™ implant (u.g Hb/mg dried implant), n = 12 for Matrigel™ control condition, n - 5 
for each other conditions and the means ± SE are shown. Statistically significant differences 
compared with respective control conditions are indicated as follows: < 0.001 (Student's t- 
test). 

MTf expressing cells stimulate neovascularization, involvement of the PA/plasmin 
system 

Since MTf overexpression stimulates cell motility, migration and invasion and 
MTf-expressing cell conditioned media stimulate in vitro HUVEC tubulogenesis, 
we determine the effects of endogenous MTf protein expression on in vivo 
angiogenesis. Thus, we examined the impact of CHO (control and MTf- 
transfected) and SK-Mel-28 melanoma cells within the implant on in vivo 
angiogenesis using the Matrigel™ plug neovascularization assay (Figure 7A). 
Quantitative analysis of angiogenesis indicated that MTf-expressing cells (MTf- 
transfected CHO and SK-Mel-28) induced by ~6-fold the neovascularization of 
the Matrigel™ implants, as demonstrated by the higher Hb content, whereas CHO 
control cell had no significant impact on Matrigel™ Hb content (Figure 7A; lower 
panel). In addition, MTf expression in CHO and SK-Mel-28 cells was unchanged 
following bFGF treatment. Also, bFGF secretion in CHO cells was unaffected by 
MTf transfection. These results show that MTf expression in CHO and SK-Mel- 
28 cells contribute to the increased angiogenic response in the in vivo Matrigel™ 
plug neovascularization assay. Moreover, we also determined the effect of s AC A 
into the implant on the neovascularization induced by SK-Mel-28 cells (Figure 
7B). The presence of sACA (35 mg/ml) into the plug strongly inhibited by -75% 
the angiogenic response elicited by SK-Mel-28 cells, as indicated by the lower 
implant vascularization (Figure 7B; upper panel) and lower Hb content (Figure 
7B; lower panel). These results indicate that the PA/plasmin system is involved 
during SK-Mel-28-induced in vivo angiogenesis. 
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Fig. 7 MTf-expressing cells stimulate neovascularization, involvement of the PA/plasmin system. 
(A) Cell-induced Matrigel™ plug in vivo angiogenesis in nude mice, as described in the Materials 
and methods section. Photos obtained from representative samples are shown in the upper panel. 
Hb content from Matrigel™ implants containing, or lacking, CHO (control and MTf-transfected) 
and SK-Mel-28 cells are shown in the lower panel, n = 12 for Matrigel™ control condition, n - 5 
for CHO cells conditions, n = 7 for SK-Mel-28 condition, (B) SK-Mel-28-induced Matrigel™ 
plug in vivo angiogenesis assay containing, or lacking, sACA in nude mice, as described in the 
Materials and methods section. Photos obtained from representative samples are shown in the 
upper panel. Hb content from Matrigel™ implants are shown in the lower panel. Results in the 
lower panel are expressed as Hb content in dried Matrigel™ implant (jug Hb/mg dried implant), n 
= 1 for SK-Mel-28 control condition, n = 5 for SK-Mel-28 + eACA condition and the means ± SE 
are shown. Statistically significant differences compared with respective control conditions are 
indicated as follows: < 0.001 (Student's /-test). 



L235 inhibits SK-Mel-28-induced neovascularization 



The mAb L235 was used to determine whether cell-induced Matrigel implant in 
vivo neovascularization was directly dependent on plasminogen activation 
induced by the MTf expression in SK-Mel-28 tumor cell. Thus, we added various 
concentrations of mAb L235 into the Matrigel™ implants containing SK-Mel-28 
cells (Figure 8 A and B). The addition of L235 mAb into the Matrigel™ inhibited, 
in a concentration-dependent manner, the SK-Mel-28-induced neovascularization 
and reached a maximal angiogenesis inhibition of 70% at 100 nM. The ED 50 
calculated for the inhibition of angiogenesis by L235 is -46 nM (Figure 8B). 
Because the mAb L235 does not cross-react with other species than human, this 
mAb only binds to MTf expressed by the SK-Mel-28 melanoma cells. Since L235 
reduces MTf-induced plasminogen activation at the cell surface and specifically 
inhibits SK-Mel-28-induced in vivo neovascularization of the Matrigel™ 
implants, these results confirmed that MTf overexpression in these melanoma 
cells leads to an increased angiogenic response involving the P A/plasmin system. 
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Fig. 8 L235 inhibits SK-Mel-28-induced neovascularization. SK-Mel-28-induced Matrigel™ plug 
in vivo angiogenesis assay containing, or lacking, the mAb L235, as described in the Materials and 
methods section. (A) Photos obtained from representative samples are shown. (B) Results were 
corrected for background Hb content measured in the Matrigel™ control condition and expressed 
as percentage inhibition compared with IgG control condition, n = 12 for IgG control condition, n 
-4 for 25 and 100 nM conditions, n = 9 for 50 nM condition and the means ± SE are shown. 
Statistically significant differences compared with IgG control conditions are indicated as follows: 
*P < 0.05; ***P < 0.001 (Student's Mest). 



Subcutaneous, systemic truncated sMTf treatments inhibit SK-Mel-28-induced 
neovascularization 

To antagonize the proangiogenic effects linked to MTf overexpression, as 
observed in the presence of SK-Mel-28 cells, we used a truncated soluble form of 
MTf (sMTf) to inhibit MTf-induced Matrigel™ implant neovascularization 
(Figure 9). First, mice were treated systemically four times (Days 0, 2, 4 and 6 
post-implantation; s.c. injection) with either truncated sMTf (10, 20 and 40 
mg/kg; total treatment) or with control R/H (Figure 9A). In a second set of 
experiments, Alzet® osmotic pumps (100 \xl 9 7-day delivery) containing either 



truncated sMTf (10 and 20 mg/kg; total treatment) or control R/H were implanted 
subcutaneously on the same day as Matrigel™ plugs were implanted (Figure 9B). 
Quantitative analysis of angiogenesis indicated that s.c. systemic treatment with 
truncated sMTf antagonized neovascularization of the Matrigel™ implants, as 
demonstrated by a lower Hb content (Figure 9C). Moreover, continuous s.c. 
infusion of truncated sMTf using an Alzet® osmotic pump increased this 
antiangiogenic activity. In fact, the ED50 was reduced from 17 mg/kg (repeated 
s.c. injections) to 11 mg/kg when a continuous s.c. infusion was employed. These 
results show the efficacy of truncated sMTf in relatively low amounts as an 
inhibitor of the in vivo SK-Mel-28-stimulated angiogenesis. 
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Fig. 9 Subcutaneous, systemic truncated sMTf treatments inhibit S K- Me 1-2 8 -induced 
neovascularization. (A) S K- Me 1-2 8 -induced Matrigel™ plug in vivo angiogenesis assay in nude 
mice treated systemically for 7 days with repeated s.c. injections of either R/H control solution or 



truncated sMTf (10, 20 and 40 mg/kg/week), as described in the Materials and methods section. 
Photos obtained from representative samples are shown. (B) SK-Mel-28-induced Matrigel™ plug 
in vivo angiogenesis assay in nude mice treated systemically by s.c. infusion using an Alzet® 
osmotic pump of either R/H control solution or truncated sMTf (10 and 20 mg/kg/week), as 
described in the Materials and methods section. Photos obtained from representative samples are 
shown. (C) Hb content from Matrigel™ implants containing SK-MeI-28 cells in nude mice treated 
systemically for 7 days with repeated s.c. injections or Alzet® osmotic pump s.c. infusion of 
truncated sMTf. Results were corrected for background Hb content measured under the 
Matrigel™ control conditions and expressed as percentage inhibition compared with R/H control 
condition, n = 7 for s.c. injection R/H control condition, n = 5 for 10 and 40 mg/kg/week 
conditions, n = 7 for 20 mg/kg/week condition, n = 3 for each Alzet® osmotic pump conditions 
and the means ± SE are shown. Statistically significant differences compared with R/H control 
condition are indicated as follows: *P < 0.05; **P < 0.01 ; < 0.001 (Student's West). 



Pharmacokinetic characteristics of truncated sMTf in mice 

To assess the pharmacokinetic characteristics of truncated sMTf in mice, blood 
drug levels was studied in female athymic Crl:CD-l®-nuBRnude mice. The mean 
blood concentrations of truncated sMTf after a single 5 mg/kg s.c. injection or a 
continuous 20 mg/kg s.c. infusion using a Alzet® osmotic pump were measured 
(Figure 10). The pharmacokinetic parameters derived from these data are 
summarized in Table 2. After a single s.c. injection, truncated sMTf appeared 
rapidly in the circulation attaining a concentration maximum (C ma x) of 41.0 ± 8.7 
nM at 3 h. Next, using an Alzet® osmotic pump, truncated sMTf appeared more 
slowly in the circulation compared with the single s.c. injection and gained a C max 
of 7.3 ± 1.9 nM at 144 h (Day 6). The terminal pharmacokinetics of truncated 
sMTf after a single s.c. administration were characterized by a slow elimination 
phase with a final steady state concentration (Ci ast ) of 4.0 ± 1.5 nM, compared 
with 6.1 ± 1.6 nM when truncated sMTf is subcutaneously infused using an 
Alzet® osmotic pump. Also, the terminal half-life (t\n) of truncated sMTf was 
-7.6 ± 0.9 h. The high exposure of the vasculature to truncated sMTf was also 
-reflected by the high area under the curve from 0.02 h to infinity (AUCo,o2-oo) of 
476.1 ± 67.7 nM-h for a single injection and 928.0 ± 59.8 nM-h for an Alzet® 
osmotic pump infusion. In addition, the truncated sMTf quantity delivered by an 
Alzet® osmotic pump infusion represents -3.5-fold the quantity of truncated sMTf 
delivered by a single s.c. injection. Thus, these results demonstrate that over a 7- 
day period treatment, the AUC0.02-0C obtained with an Alzet® osmotic pump (928.0 



nM-h) infusion is -51% of that observed during a single s.c. injection (1808.8 
nM-h). Furthermore, after a single s.c. dosing with 2.5 and 10 mg/kg of truncated 
sMTf, a dose-proportional relationship was observed in blood. Overall, these 
results show that s.c. dosing of truncated sMTf can achieve blood concentrations 
that are in the same order as those required for the inhibition of in vitro HUVEC 
tubulogenesis. 
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Fig. 10 Blood concentrations of truncated sMTf in nude mice. Female athymic Crl:CD-l®-nuBR 
nude mice received a single dose (open circle) of 5 mg/kg truncated sMTf in aqueous R/H solution 
by s.c. injection or by 7-day continuous s.c. infusion (closed circle) of 20 mg/kg truncated sMTf 
using an Alzet® osmotic pump, as described in the Materials and methods section. At the allotted 
times, blood was collected and the concentration of the compound was quantified by measuring 
blood-associated radioactivity using a gamma counter. Results were corrected for background 
radioactivity measured in untreated mice and expressed as truncated sMTf in blood (nM). The 
pharmacokinetic parameters derived from these data are summarized in Table 2. For each 
conditions, n = 3 and the means ± SE are shown. 

Table 2 Pharmacokinetic parameters for truncated sMTf in blood after s.c. administration 
to female athymic Crl:CD-l®-nuBR nude mice 



Administration route Truncated sMTf parameters' 



'max (h) C max (nM) C last (nM) AUC ( o.o2-«) (nM-h) 



4.0 ± 1.5 

6.1 ± 1.6 



476.1 ±67.7 
928.0 ±59.8 



a Areas under the curve from 0.02 h to infinity (AUC0.02-00) were calculated using mean values. C max 
(maximum concentration), t timx (time to maximum concentration) and Ci ast (steady-sate 
concentration) were determined by inspection of the data using GraphPad Prism. Data are 
expressed as mean ± SE (n = 3). 

Conclusion : The results presented hereinabove demonstrate that sMTf treatment 
clearly decreases tumor development in vivo. Further, sMTf treatment decreases 
the angiogenesis stimulated by growth factors and leads to efficient growth 
inhibition of subcutaneous U-87 MG and NCI-H460 cells. It is further 
demonstrated that sMTf interferes with angiogenesis induced by growth factors 
like those express in high levels in tumor cells in very aggressive glioblastomas. 
Further, constant delivery of sMTf into nude mice with Alzet micro-osmotic 
pumps contributed to a significant reduction in the growth of subcutaneous U-87 
MG-derived tumor. Consequently, since U-87 cells do not express mMTF, it is 
thus concluded that sMTf treatment exerts anti-angiogenic and anti-tumor 
activities not only in a MTF-expressing environment, but also on cells not 
expressing mMTF. In addition, the reduction of SK-Mel-28 cell metastasis in the 
lung observed with MTf- silenced cells indicates that MTf is involved during 
melanoma cell lung invasion. 

Furthermore, in vivo antiangiogenic efficacy data correlate with the capacity of 
truncated sMTf to attain blood levels that are (i) in excess of in vitro concentration 
values needed for the inhibition of HUVEC tubulogenesis; (ii) sufficient to almost 
totally block the MTf-induced HUVEC tubulogenesis; (iii) in excess of in vivo 
sMTf concentration measured in human serum; and (iv) sufficient to demonstrate 
antiangiogenic effects in a bFGF-, VEGF- and cell-driven Matrigel IM implant 
neovascularization model. Also, the use of Alzet® osmotic pump infusion 
technique provided a higher therapeutic efficacy as compared with repeated s.c. 
injections, emphasizing the advantages of constant infusion rather than pulse-dose 
drug inputs for antiangiogenic effects. Our results are also consistent with data on 
angiostatin dosing patterns in mice, where continuous infusion of the drug had a 
dramatically improved antiangiogenic effect over twice-daily administration of 



the same dose. Moreover, the final steady state concentration of truncated sMTf is 
greater than the concentration of endogenous sMTf present in human serum 
(0.017-0.046 nM) ? indicating that serum truncated sMTf modulation could be 
achieved. On the basis of this favorable preclinical profile, truncated sMTf can 
now be considered an antiangiogenesis treatment modality in clinical testing. 

8. The results presented above and produced according to the teaching of the present 
invention clearly proves that that the present invention have clinical relevance and 
in addition, that the in vitro results disclosed in the present application do not 
diverge from in vivo responses. The anti-tumoral activity of sMTf of the present 
invention is demonstrated in vitro and in vivo. 

9. I hereby declare that all statements made herein of my own knowledge are true, 
and that all statements made on information and belief are believed to be true, and 
that these statements were made with the knowledge that willful false statements 
and the like so made are punishable by a fine or imprisonment, or both (18 U.S.C. 
Sec. 1001), and may jeopardize the validity of the application of any patent 
issuing thereon. 
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